An accurate procedure f o r reproducing t h e exposure of metal surfaces t o impaction by micron-size p a r t i c l e s at hy-pervelocit.ies has been employed t o expose t a r g e t s of several ma5erials. After degradation of surface o p t i c a l properties i n varying amounts due t o such exposure, these t a r g e t s were mounted on a simulated space vehicle t h a t w a s then placed i n a s o l s -s p a c e -e n v i r o n n t chamber. I n t h i s chamber t h e pressure was maintahed below IUD Hg, t h e black r a d i a t i o n sink of space was provided a t 4.2O K, and t h e samples w e r e placed i n a beam-simulating solar radiation. maifitained a t 1 s o l a r constant, while reproducing reasonably w e l l t h e s p e c t r a l d i s t r i b u t i o n of solar r a d i a t i o n i n space. Values of normal solar absorptance, t o t a l hemispheric emittance, and equilibrium temperature f o r various materials w e r e thus obtained as a function of exposure t o simulated micrometeoroid impact i o n . Comparison of these data with a c t u a l s a t e l l i t e s m p l e temperature h i s t o r i e s w i l l allow an a l t e r n a t e method of estimating micrometeoroid f l u x i n
on a simulated space vehicle t h a t w a s then placed i n a s o l s -s p a c e -e n v i r o n n t chamber. I n t h i s chamber t h e pressure was maintahed below IUD Hg, t h e black r a d i a t i o n sink of space was provided a t 4.2O K, and t h e samples w e r e placed i n a beam-simulating solar radiation. Comparison of these data with a c t u a l s a t e l l i t e s m p l e temperature h i s t o r i e s w i l l allow an a l t e r n a t e method of estimating micrometeoroid f l u x i n
space, without t h e l i m i t a t i o n s of nomentum c a l i b r a t e d microphone data, o r t h e
The i n t e n s i t y of the beam was need f o r hard-to-interpret penetration f l u x measwements.
IlWFtODlfCiTION
A s p a r t of a n o v e r a l l effort, t o determine the degradation of material surface p r o p e r t i e s while these s w f a c e s are exposed t o t h e micrometeoroid environment i n Earth orbit., a program is i n progress at t h e Lewis Research Center t o simulate t h i s enviromezt . Sirxe labo=.atory acceleration of p r o j e c t i l e s t o X-5 2056 meteoric speeds, while maintaining t h e p r o j e c t i l e i n t a c t , has not been successf u l l y accomplished as y e t , it was t h e aim of t h i s program t o produce quantitat i v e l y t h e surface damage caused by c o l l i s i o n with such p a r t i c l e s over a range of t h e highest p a r t i c l e speeds presently a t t a i n a b l e . From t h e surface damage a t these speeds it was expected t h a t extrapolation t o t h e damage caused by microparticles impacting at meteoric speeds could be made, and thus remove t h e need f o r subjecting every material *hose surface properties are of i n t e r e s t t o a c t u a l space f l i g h t exposure.
A procedure f o r simulating t h e phenomena associated with micrometeoroid exposure has been developed and i s described i n reference 1. This procedure has made possible the quantitative exposure of various surfaces t o impact by clouds of high-speed micron-size p a r t i c l e s . This has subsequently allowed correlation of t h e change i n o p t i c a l properties ( i n f r a r e d reflectance or e m i ttance) of various materials with t h e laboratory exposure, and thereby suggested t h e program t h a t i s t h e subject of t h e present paper.
This program consists of measuring t h e "in-space" temperature of thermally i s o l a t e d disks t h a t have been exposed t o increasing amounts of simulated micrometeoroid environment. Transient as w e l l as equilibrium measurements are included.
simulation chamber i n which t h e "in-space" thermal environment f o r t h e disks has been accurately reproduced. I n t h i s way a r e l a t i o n i s obtained between t h e temperature h i s t o r i e s of t h e disks and t h e amount of micrometeoroid exposure. A t
The "space1' i s t h e working section of a large solar space-environmentt h e same time an accurate p i c t u r e of t h e surface damage associated with t h i s exposure and hence with t h e temperatures i s available, since t h e disks are i n hand and can be examined by t h e appropriate o p t i c a l instruments.
It would be most i n t e r e s t i n g t o know t h e a c t u a l temperature h i s t o r y of t h e disk i n space f o r comparison. Such a temperature h i s t o r y , together with t h e temperature-exposure r e l a t i o n f o r a similar disk obtained i n the present experiment on t h e ground, c o n s t i t u t e s another method f o r estimating t h e exposure t o micrometeoroid flux. This flux estimate i s based on t h e change i n o p t i c a l p r o p e r t i e s of the exposed surfaces and t h e associated change i n t h e t e m p r a t u r e a of t h e disks, precalibrated by the laboratory exposure and space-simulatortemperature study herein described.
temperature "calibration" has been made f o r three materials, and these are presented along with a complete before-and-after-exposure o p t i c a l description of the surfaces. Although a cornpaxison with a n a c t u a l space experiment is not made here, t h e expected temperature behavior of t h e "exposed" surfaces i n space, and possible explanations and consequences of t h i s behavior are presented.
In t h e present study t h i s exposure-
SlMULATIOB OF MICROMET&OROID EXFOsuKg
I n s p i t e of the f a c t that maxhum attainable speeds t o which p a r t i c l e e could be accelerated i n t a c t were only a f r a c t i o n of t h e speeds of encounter with t h e p a r t i c l e s i n &arth o r b i t , it was f e l t that the phenomenon of hyperv e l o c i t y impaction with micrometeoroids could b e s t be simulated by impaction with p a r t i c l e s at attainable speeds, although other means of causing damage t o surfaces have been suggested. I n order t o obtain a c a l i b r a t i o n of micrometeoroid exposure against equilibrium temperature of a thermally i s o l a t e d d i s k under space conditions, a means of c h a r a c t e r i z i n g t h e exposure on the ground and i n space was needed. Both the laboratory exposure and t h e change i n surface property ( r e f l e c t a n c e , f o r instance) due t o t h e exposure are known on t h e ground, but it.
i s c l e a r that the change i n surface property could have been caused i n a number of ways, and thus, not having a unique t i e t o t h e enviroment t h a t caused it, f a i l s t o characterize t h i s environment as well as t h e exposure i t s e l f . Sliice 5 ii-cjiiiber ~l "
~.~~= i t e r iuvetsiigtriiuns, experimenitri as There-
w e l l as t h e o r e t i c a l , have indicated t h a t t h e volume of t h e c r a t e r s formed i n t a r g e t s as a r e s u l t of impaction with high-speed p r o j e c t i l e s i s proportional t o t h e k i n e t i c energy of t h e p r o j e c t i l e s , t h e sm of t h e k i n e t i c energies of t h e p a r t i c l e s s t r i k i n g t h e surface up t o any time was chosen as t h e physical quantity characterizing t h e exposure. The analysis t h a t follows fpom t h i s is presented i n references 1 and 2 and provides a useful r e l a t i o n connecting t h e surface reflectance with t h e exposure characterized by t h e k i n e t i c energy of t h e par--titles impacting. From reference 1, t h e expression f o r reflectance pa of a m e t a l surface of area A. Equations (1) and ( 2 ) allow an a n a l y t i c a l extrapolation from t h e meaaured t o t a l energy required f o r a given laboratory-caused surface o p t i c a l property change, t o t h e t o t a l energy required i n space f o r t h e same surface o p t i c a l property change. This extrapolation requires evaluating K1 f o r space and can be done i f the k i n e t i c energy of t h e p a r t i c l e i n space causing m o s t of t h e surface damage can be reasonably e s t h a t e d (see appendix B) .
The experimental procedure f o r producing t h e labosatory damage t o the SUTfaces is described i n d e t a i l i n reference 1, but, b r i e f l y , quantitative exposures were obtained i n t h e following way.
Polished surfaces of s o f t aluminum, s t a i n l e s s steel, and s t a i n l e s s st"ee1 coated with 1900 angstroms of aluminum were bombarded by clouds of Sic p a r t i c l e s having an average diameter of 6 microns and a speed of 8500 feet per second.
The p a r t i c l e s were accelerated by t h e aerodynamic drag of t h e s h o r t duration flows i n a shock tube and t h e r e s u l t a n t k i n e t i c energies
IT
i=l were obtained from s t r i p -f i l m camera measurements f o r p a r t i c l e speed, and microbalance c o l l e c t i o n measurements t o determine t h e t o t a l number of p a r t i c l e s s t r i k i n g t h e given area (see ref, 1) . The measurement of speed and number of p a r t i c l e s s t r i k i n g a p l a t e w e r e q u i t e accurately reproducible, and t h e laborat o r y exposures were measured and are presented i n joules. I n each series (i-e., f o r each t a r g e t material) t h e disks were nominally exposed t o 0, 1, 2, 4, and 6 joules. This range of exposme6 represents changes i n t h e r e f l e c t a n c e of a s i n g l e d i s k from i t s o r i g i n a l value near 1.0 t o about 0.5.
Thus, t h e r e is t h e p o s s i b i l i t y of q u a n t i t a t i v e l y exposing surfaces i n t h e laboratory t o impaction by high-speed p a r t i c l e s (energy measured i n j o u l e s ) , measuring t h e damage (change i n surface o p t i c a l p r o p e r t i e s ) with a spectrometer and then, from a n a l y t i c a l considerations using equations (1) and (2) , c a l c u l a t i n g the equivalent space exposure (again i n j o u l e s ) required t o produce t h e sane surface damage. Having t h e space exposure-surface damage r e l a t i o n , plus t h e surface damage-equilibrium temperature r e l a t i o n obtained i n t h e shulated space environment (described i n a later section), allows t h e simple monitoring of t h e temperature of a disk i n space t o determine not only t h e surface damage but a l s o t h e a c t u a l micrometeoroid exposure causing t h e d m g e as a function of time.
This f o~l o w s , of course, only i f it i s assumed t h a t only t h e micrometeoroid exposure i s causing t h e s w f a c e damage. This i s p r o b a b l y t r u e , i n space, f o r many of t h e important materials whose surfaces w i l l be exposed. It i s a l s o necessary t o assume t h a t normal impingement is s u f f i c i e n t t o simulate impingement from a l l directions. This is shown t o be s o and is discussed i n reference 3.
DE'llgRMINATION OF SURFACE OPTICAL PROPEETIE8
The disks of t h e present study chosen f o r t h e i r good r e f l e c t i v e properties were s t a i n l e s s s t e e l , aluminum, and a s t a i n l e s s -s t e e l s u b s t r a t e w i t h a vacumdeposited coating of aluminum 1900 angstroms thick.
t h i c k f o r the surface t o e x h i b i t t h e o p t i c a l properties of aluminum as long as
t h e coating remains undamaged.
on t h e l i f e of a 1900 angstroms aluminum coating on stainless s t e e l , f o r , presumably, when the coating has been eroded away, t h e substrate surface should again exhibit the properties of t h e exposed sqainless s t e e l .
This coating is s u f f i c i e n t l y Thus, we have b u i l t i n t o the experiment a check
The disks were chosen 15/16-inch i n diameter and 1/64-t o 1/16-inch t h i c k , e s s e n t i a l l y because these are appropriate dimensions f o r a sample i n t h e heatedc a v i t y spectrometer system f o r making reflectance measurements.
a Perkin-Elmer 1 3 U spectrometer compares, i n a given wavelength band, t h e radiat i o n from a blackbody cavity at about 600' C with t h e t o t a l r a d i a t i o n r e f l e c t e d from a water-cooled s m p l e i n t h e same wavelength band. S i c p a r t i c l e s t r a v e l i n g a t 8500 feet per second.
good i n the infrared region but i s not s a t i s f a c t o r y a t shorter wavelengths due t o i n s u f f i c i e n t r a d i a t i o n from
s p e c t r a l data a r e a l s o presented.
the s i n g l e value t h a t w i l l r e f l e c t the same amount of energy a r r i v i n g from a 420' K ( 756' R) blackbody source as does the sample, that i s , the average
I n t h i s system
This technique is q u i t e
The i n t e n s i t y r a t i o s obtained i n t h i s way (Irefl/Im) are p l o t t e d as
The average values of these
The average reflectance i s defined here as r e f l e c t a n c e i s given by where 4 -a %efl/Im'
The normal soabsorptance was determined from measurements made i n t h e space environment simulator during t r a n s i e n t heating of t h e exposed disks momted i n a simulated space vehicle (see appendix C ) . The t o t a l hemispheric emittance of the d i s k s was obtained during t r a n s i e n t cooling (see a p p e d i x C), Compari- sons are made later between equilibrium temperatures calculated from t h e values of thermal o p t i c a l properties obtained by these t r a n s i e n t experiments and the a c t u a l equilibrium temperatures attained by the d i s k s i n the solar s i m u h t o r .
Infrared r e f l e c t a n c e s are a l s o compared w i t h thermally obtained disk emittances a B a f u r t h e r check. The space chamber t h e m 1 experiment w i l l be described i n the next section.
-
HISTORIES OF EXPOSED DISKS IN
Space Environment F a c i l i t y I n order t o study problems induced by the environment that a vehicle and its components w i l l see i n space, several f a c i l i t i e s have been designed and b u i l t a t t h e Lewis Research Center t o reproduce t h i s environment.
environment-simulation f a c i l i t y employed i n the equilibrium temperature experi-
The spacement of t h e present paper is t h e ultimate f a c i l i t y available a t t h e present t h e for simulating the thermal environment of space and a cutaway drawing i s presented i n figure 2. I n t h e working section of the inner "space" chamber, which t h e space environment are reproduced simultaneously, and as accurately as pos-
The f i r s t of these is t h e extremely low pressure of the gases i n space, estimated t o IX about 10-14 mm Hg ( t o reproduce p a r t i c l e fluxes).
pressure is obtained by using t h e enormous gas removal c a p a b i l i t i e s of t h e his low e n t i r e chamber wall kept at liquid-helium temperatures by jacketing.
c h a r a c t e r i s t i c s that are provided simultaneously by jacketing t h e inner space chamber walls with l i q u i d helium a r e t h e extremely low background temperature of space a t about 4 ' K (thus removing any superfluous r a d i a t i o n source) as well as t h e very nearly perfect absorption c a p a b i l i t y of t h e space background f o r gases and radiation energy t h a t a blackened w a l l a t t h i s temperature e x h i b i t s ,
The most important energy source i n solar space is, of course, t h e Sun, and i n t
h i s f a c i l i t y t h e r a d i a t i o n a r r i v i n g from t h e Sun, a t Earth distance from t h e
Sun (but outside Earth atmosphere) i s provided a t t h e proper i n t e n s i t y , uniformity, and collimation angle, as well as with a s p e c t r a l energy d i s t r i b u t i o n Two other quite l i k e t h a t of the Sun over t h e wavelength range f r o m 3500 angstrom t o about 2.5 microns.
To produce t h e l i q u i d helium necessary f o r jacketing t h e inner 6-footdiameter chamber, a helium liquefaction p h n t is i n operation that has a cap a c i t y of more than 200 l i t e r s of l i q u i d helium an hour.
i n two 7000-liter liquid-helium Dewars from which it is dram during t h e experlment.
when so operated provides s u f f i c i e n t gaseous h e l i u m t o keep t h e inner space chamber w a l l at 1 8 ' K, with a 1000-watt heat load i n t h e chamber, s u f f i c i e n t t o remove t h e energy introduced i n t o t h e chamber' by t h e solarr a d i a t i o n simulator, plus some a d d i t i o n a l heat loads from t h e t e s t vehicle.
This l i q u i d i s stored
The liquefaction system can a l s o be operated i n a r e f r i g e r a t i o n mode and
This i s
The solar-radiation simulator has been described i n d e t a i l i n reference 4.
It consists o f a cored-carbon-electrode high-current a r c with t h e focusing and ~~ collimating o p t i c s required t o form the necessary beam, i n t o an evacuated collimating-mirror-support tank through a s m a l l window, then passes up toward the collimating mirror and again down through a quartz window i n t o t h e space chamber and on t o t h e test plane, as shown i n figure 2.
The i n t e n s i t y of the beam is monitored during t h e experiment by s i l i c o n
The beam is brought Pressure measurements
Space-Cbmber-Temperature Experiment
Five o r i g i n a l l y ident,ical 15/16-inch-diameter polishea disks were s e l e c t e a f o r a given material and each disk was then subjected t o a given amount of labor a t o r y exposure, t h e exposure increasing from disk t o disk.
sure f o r the disks was s u f f i c i e n t t o represent a change i n a s i n g l e disk From i t s o r i g i n a l high r e f l e c t a n c e near 1 at zero exposwe, t o a r e f l e c t a n c e of about 0.5 a t the xnaximum exposure.
' Ifhe range of expoAlthough it is not c e r t a i n how much t h e in space such degradation requires, the exposure i n joules was accurately measured i n the laboratory and the surface o p t i c a l properties of each exposed d i s k was a c c u r a t e l y determined by a hohlraum-spectrometer measurement and recorded. The nominal amount of exposure f o r t h e f i v e disks in t h e present e x p e r b e n t was 0, 1, 2, 4, and 6 joules, respectively. -~z -r r -n eAPUBUL-e.
Each series of disks ( a given disk material) was then mounted on a simulated vehicle that had been so designed as t o minimize t h e heat t r a n s f e r between t h e vehicle and the disks mounted on it ( f i g . 3). This was accomplished by mounting t h e disks on nonconducting p l a s t i c stems and shielding t h e back of t h e disks with highly r e f l e c t i n g cups, thus allowing a heat balance f o r t h e disks only involving received and emitted r a d i a t i o n from t h e f r o n t exposed s i d e of t h e disk and a minimum l o s s from t h e unexposed side ( 3~1 0 '~~ Btu/(hr) (OR4) ) . The simulated vehicle was BO 
disk could arrive a t t h e equilibrium temperature based on t h e heat balance between t h e normal energy ( s o l a r r a d i a t i o n ) absorbed and t h e t o t a l hemispheric energy emitted by t h e ftront face (plus t h e energy l o s s t o t h e supporting vehicle, see appendix C ) . The equilibTium temperatures were measured f o r each disk by a copper-constantan thermocouple embedded i n t h e disk one-half t h e radius out from t h e mounting pin a t t h e center. The equilibrium temperature of t h e disk was determined by approaching equilibrium conditions from above and below t h e equilibrium temperature. The r a d i a t i o n i n t e n s i t i e s welpe monitored during t h e experiment by s i x s i l i c o n s o l a r c e l l s previously c a l i b r a t e d against a Schwarz t o t a l r a d i a t i o n i n t e n s i t y meter. temperature f o r a l l t h e disks is t h e result of reproducible changes i n surface o p t i c a l properties caused by c a l i b r a t e d exposure t,o high-speed micron-sizep a s t r c l e impaction.
TPansient temperatures w e r e measured s i m i l a r l y but, w e r e determined d w i n g heating and cooling of t h e disks f o r t h e purpose of determining asN and em by an e s s e n t i a l l y independent experiment (independent from t h e equilibrium
Thus, t h e
The r e s u l t a n t v a r i a t i o n of t h e equilibrium ~ . experiment).
s i g n a l e d time i n t e r v a l s , and the method of appendix C was employed f o r calcul a t i n g these values of thermal o p t i c a l properties.
Automatic d a t a recording equipment made readings at appropriately RESULTS

SimuLated -sure and Surface Damage
Reflectances f o r a l l the disks were obtained both before and after exposure, and s p e c t r a l reflectance data of t h e type presented i n figure 1 were cal- 
2.15%.
This indamage is due t o p a r t i c l e k l n e t i c energy of t h e K1 i n equations (1) and ( 2 ) . Thus, as t h e s i n g l e p a r t i c l e k i n e t i c energy increases, Kl decreases (eq. ( 2 ) ) , and t h e surface damage a t a given t o t a l energy of exposure is reduced (i.e., the r e f l e c t a n c e does not f a l l as r a p i d l y with t o t a l exposure).
The data of figure 4 i n d i c a t e that the reduction i n i n f r a r e d r e f l e c t a n c e r a t i o of aluminum is somewhat greater a t any exposure than i s that of stainless steel. %-,e r e f l c : z t~z e c;f t o t h , h~~e -i~r , f a l l &ter o&y 7.5 joules 03 =DO-r a t o r y exposure t o less than 60 percent Of t h e i r o r i g i n a l value.
r a t i o of the disk of s t a i n l e s s s t e e l coated with 1900 angstroms of aluminum follows t h e reflectance r a t i o of aluminum u n t i l t h e exposures are somewhat increased, and t h e n t h e values d r a w away f r o m t h e aluminum and approach those of t h e substrate s t a i n l e s s steel as t h e aluminum coating i s being eroded away. To obtain these curves, t h e values f o r n i n f i n i t e " exposure, w e r e determined but me not shown here.
aluminum (obtained a t 25 joules exposure) was 0.3055.
FmEi P Oo350 (obtained a t 30 joules exposure). I n addition t o pointfng out t h e r e d w t i o n i n exposed surface r e f l e c t i v i t y , f i g u r e 4 a l s o suggests that t h e aluminum-coated disk should degrade I.fke aluminum a t first, t h e n af'ter some exposure and as t h e coating i s removed, resemble t h e degradation rate of t h e substrate stainless steel, Since the reflectance r a t i o degradation rate f o r t h e aluminum coated surface has slowed t o t h a t of t h e s t a i n l e s s s t e e l , t h e e f f e c t of t h e aluminum coating on s t a i n l e s s s t e e l is t o keep t h e absolute r e f l e c t a n c e up throughout OUT experiment longer than that of aluminum alone, and hence f o r a longer t h e than might be expected i n space.
The r e f l e c t a n c e s p,, t h e reflectances of t h e samples a t
The value f o r For s t a i n l e s s steel, Space -Chmber-Tempe-at we Brpcvo ime n t
The major r e s u l t s of t h e temperature-equilibrium experiment are presented i n f i g u r e 5 and tables I and 11.
t h e equilibrium temperature f o r disks of three d i f f e r e n t materials Eounted on a simulated space vehicle and "flown" i n a simulated space enviroment at 1.25 solar constants.
exposure t o micrometeoroid environment, t h e exposure being expressed i n joules of energy of t h e impacting hypervelocity p a r t i c l e s , feature of these curves i s t h a t , i n s p i t e of t h e W g e exposure t o impacting p a r t i c l e s , t h e r e s u l t a n t large change i n o p t i c a l properties maauped i n t h e I n figure 5 me przsented t h e "hfstory" of These equilibrium temperatures a r e shown as they vary with between measured and calculated values is q u i t e good.
Perhaps t h e most important laboratory and the e f f o r t s made t o i s o l a t e the disk thermally from i t s support, t h e t o t a l m i a t i o n i n equilibrium temperature of t h e disks is small
table are these values of %N and em measured i n t h e thermal t r a n s i e n t experiment f o r each of t h e disks as t h e laboratory exposure is increased, It is c l e a r from t h i s information that both am and em are r i s i n g due t o t h e exposure. Both stainless steel and aluminum on s t a i n l e s s s t e e l are l e v e l i n g off t o about t h e same temperature. This is perhaps expected, too, as t h e aluminum coating is worn from t h e s t a i n l e s s -s t e e l substrate. The all-aluminum disk is wearing most r a p i d l y and e x h i b i t s the strongest rise i n em, but not t h e highest ure 5.
For the aluminum disk t h e measured change i n equilibrium tempemture
For
The Largest v a r i a t i o n with exposure WBS f o r the The check obtained
Also presented i n t h i s am, hence it approaches the lowest equilibrium temperature i n f i gFor t h e information presented i n table I1 t h e em of t.able I was used t o equal t o (1 -em) a t the stme temperature.* q u a n t i t i e s for a l l t h e disks are amazingly good considering t h e difference i n the paths traveled t o obtain them.
correct, the o p t i c a l o r thermal changes i n surface property are c e r t a i n l y varying i n a very similar manner w i t h simulated exposure t o micrometeoroid environment.
The comparisons of these two
Whether o r not such a comparison is s t r i c t l y This s i m i l a r i t y i n t h e v a r i a t i o n of r e f l e c t a n c e with exposure as measured by either method suggests the p o s s i b i l i t y of making r e f l e c t a n c e measurements i n space without a reflectometer, and a l s o suggests using these r e f l e c t a n c e measurements t o determine micrometeoroid flux. This could be done by c a l i b r a t i n g t h e change i n temperature of a disk i n a space-environment-simulation chamber w i t h the measured (elsewhere) o p t i c a l change of t h e surface caused by c a l i b r a t e d exposure of the disk t o simulated micrometeoroid flux.
ature of the disk f r o m a space experiment would then give not only the change i n r e f l e c t i v i t y of the disk but a l s o , from c o r r e l a t i o n w i t h t h e ground experiment, t h e micrometeoroid f l u x causing t h i s r e f l e c t i v i t y change.
Telemetering the temper-
DISCUSSIOM OF RESULTS
The reduction i n inf'ra,red r e f l e c t a n c e shown s p e c t r a l l y i n f i g u r e 1, and as reflectance r a t i o Fa&, against exposure i n figure 4 i s s a t i s f a c t o r i l y preh * The spectrometer measures @-a by determining t h e energy r e f l e c t e d f r o m t h e hemispherically-illuminated cooled sample i n t o a s m a l l beam a t 1 6 ' f r o m t h e normal t o the surface of the sample, and comparing t h i s quantity w i t h t h e energy i n t h e same small s o l i d angle leaving t h e blackbody c a v i t y (hohlraum), value, s p e c t r a l l y averaged by equation ( 4 ) gives value f o r r e f l e c t i o n 1 6 ' from t h e surface normal but can be taken approximately equal t o h -h , t h e hemispheric value, since t h e angular reflectance values f o r surfaces considered here vary a t most about 10 percent overall. i n d i c a t e s t h a t meteoroid f l u x data uncertainties a r e s t i l l t h e major f a c t o r preventing good q u a n t i t a t i v e estimates of surface l i f e i n space. However, since our a b i l i t y t o predict surface damage f o r a given exposure i s good, it is suggested t h a t t h i s r e l a t i o n be inverted t o determine t h e exposure e o n t h e su-face damage, t h a t is, monitor t h e r e f l e c t a x e of a polished m e t a l surface i n space t o determine t h e exposure.
The second part of t h e present experiment, i n which t h e "space" temperatwes of exposed disks were determined as a function of surface o p t i c a l pyoperties r e s u l t i n g from known exposure, i s a n attempt t o determine t h e d i f f i c u l t y of making "reflectance" measurements i n space without a reflectometer. The resu14-P indicate t h a t equilibrium temperatwe6 of surfaces exposed 50 micrometeoroid impaction may vary only a small amount even after consider-able surface degradation, Hence, unfortunately, t h e r e a r e very stringent requisemellts on measuring and telemetering techniques f o r obtaining any expoeiJ.re i_n_fn?z!~t i m f r z z szrfazc equilibrium temperature measurements on a f l i g h t experiment.
ments can be relaxed somewhat by p r e c a l i b r a t i n g polished disks on t h e ground t o determine what t h e i r equilibrium temperature h i s t o r i e s should be (as i n f i g . 5 ) , but it s t i l l appears t h a t nonsteady temperatures must a l s o be used t o c l a r i f y t h e picture. If t h i s i s c a r e f u l l y done t h e condition of t h e surface can become very c l e a r ( t a b l e s I and 11) and a good check obtained between thermal and o p t i c a l information.
These require-
CONCLUDING R. EMARKS
A s a r e s u l t of a program i n which polished m e t a l surfaces are exposed t o impaction by high-speed micron-size p a r t i c l e s i n t h e laboratory, a q u a n t i t a t i v e r e l a t i o n i s available between exposure i n joules and degradation of surface o p t i c a l properties f o r several materials.
then, t o monitor surface o p t i c a l properties (reflectance, f o r instance) and,
inverting t h i s r e l a t i o n , determine exposure t o micrometeoroid flux. "Reflectance" measurements i n f l i g h t without a reflectometer are possible, and can be A f l i g h t experiment could be used, made with thermal measurements only.
since t h e equilibrium temperatures of polished metal disks i n a t y p i c a l s a t e l l i t e configuration may vary only a small mount even after considerable surface degradation. Hence, useful information regarding degradation may be obtainable only w i t h nonsteady temperature measurements i n f l i g h t , combined with p r e f l i g h t ground calibration of temperature h i s t o r i e s of t h e exposed surfaces under simulated space conditions. s o l a r collectors i n space could be determined i n t h i s manner. (1) of t h i s paper t h e surface r e f l e c t a n c e after exposure t o impaction e is w r i t t e n --
where For equal damage on a given surface, t h a t is, constant Fa, t h e quantity KIE must be held constant. If K1 changes with single p a r t i c i e k i n e t i c energy Experimentally, t h e equilibrium temperatures w e r e determined by approaching equilibrium conditions from values below and values above t h e equilibrium temperature. This procedure resulted i n two asymptotic approaches t o equilibrium that bracketed t h e a c t u a l equilibrium levels and allowed a ready determination of t h e equilibrium temperatures within 5O F.
The calculated and measured data are presented i n table I. .' thermocouple lead 'Low-conductivity ~9 -7~5 SUPPrt 
